Background: This study was designed to model the relationship between an ActiGraphbased "in-school" physical activity (PA) and the daily one among children and to quantify how school can contribute to the daily PA recommendations. Method: Fifty boys and 43 girls (aged 8 to 11 years) wore ActiGraph for 2 schooldays of no structured PA. The daily moderate-to-vigorous PA (MVPA d ) was regressed on the school time MVPA (MVPA s ). Then, a ROC analysis was computed to define the required MVPA s . Results: Children spent 57% of their awaking time at school. School time PA opportunities (ie, recesses: ~18% of a child's awaking time) accounted for >70% of the MVPA d among children. Then, MVPA d (Y) could be predicted from MVPA s (X) using the equation: Y = 2.06 X 0.88 ; R 2 = .889, P < .0001. Although, this model was sex-specifically determined, cross-validations showed valid estimates of MVPA d . Finally, with a sensitivity of 100% and a specificity of 90%, MVPA s , a 34 min.d −1 was required to prompt the daily recommendation. Conclusions: The current study shows the contribution of MVPA at school to recommended activity levels and suggests the value of activity performed during recesses. It also calls for encouraging both home-and community-based interventions, predominantly directed toward girls.
Nowadays, the role of physical activity (PA) for both adults and youth in promoting good health against the so-called "civilization" diseases cannot be denied. Among children, PA is associated with improved cardiovascular risk factors, enhanced bone health, and psychological well-being. 1 There are several opportunities for children to engage in a PA. However, social-ecological theory 2, 3 has spurred repeated calls to better define these opportunities. In light of this theoretical background, more work has been directed toward better understanding the specific opportunities that children have to be physically active; for instance during commuting time, 4, 5 time spent at home or in the outdoor environment, 6, 7 or even during school time. [8] [9] [10] [11] [12] Thus, Beighle et al 8 posited that when segmented into discrete time periods, a typical day could provide three distinct opportunities in which children can be active: physical education (PE), recess/lunch, and outside of the school (either before or after school). While each of these time periods may contribute to children's overall PA, empirical data related to their direct contribution and the interplay between these periods are rather uncommon. A study examining the significance of perceived environment has suggested that, in contrast to home or neighborhood, the school context affords the greatest opportunities in promoting PA among youth. 9 Likewise, a review by Wechsler et al 10 added insights into the role that schools play in tailoring health promotion strategies. Thus, school appears as a suitable setting for intervention programs. [11] [12] [13] The school environment has the potential to encourage childhood PA through PE lessons/extracurricular activities (structured PA) and recess/lunch (discretionary PA). Sound research devoted to the study of recess periods [13] [14] [15] [16] has implicitly illustrated the importance of school time as a main source of PA for a child. Nonetheless, direct assessments of the contribution of the school time PA to the overall PA in different geographical and/or cultural areas deserve attention. Such an inquiry may help refine policy decisions related to designing and funding school resources for the promotion of PA among children in a particular context. This is particularly important since the bulk of teering schools were located in an urban area and one in a rural area. Children enrolled in the schools were chosen from Cycle III (3rd, 4th, and 5th grades) according to a 2-level inclusion scheme ( Figure 1 ). Classes were included in this study if they did not participate or plan to partake in any extracurricular organized PA (eg, interscholastic and intramural sports) during the periods of evaluation. For children of these classes to be included, they had to be school lunch subscribers, and should not participate to any organized sports activities (eg, sports clubs) after school on at least 2 school days.
From a total of 286 children, 103 pupils (53 boys and 50 girls) aged 8 to 11 years were selected according to their compliance and that of their respective class to the inclusion criteria. Seventy-eight percent of this sample dwelt in an urban area and 22% in a rural area. Before the beginning of this study which received the approval from the local advisory board (Ethical Committee for the Protection of Persons of Lille), children and their parents provided written informed consent. Children were apparently healthy with any diseases that would limit performing PA.
Procedure
Before measurements, preliminary interviews allowed getting detailed information about the schedule of the selected classes to identify non PE days. The principal of each school (together with the teacher responsible for the class, if different) was asked to give a confirmation about the non participation of these classes to an extracurricular PA program. Incidentally, parents were asked to provide the planning for their children in relation to a child's awaking time is spent in school, all around the world. Therefore, it seems reasonable to expect that schools help children in meeting their daily PA related recommendations. Though the French primary school system presents many particular features (ie, long in duration: 8 hours per day, 2 mandatory recess periods during school day: one in the morning and one in the afternoon, a rather strict organization of time legally determined, etc.) when compared with other European countries such as Germany or UK, to date no data using objectively-measured PA exist to rigorously guide decision-making about the promotion of PA among school-children.
The primary purpose of the current study was to model the relationship between an ActiGraph-based "in-school" and the daily PA during a typical school day among French schoolchildren. Because the achievement of PA recommendation should be the goal of each child on a daily basis, analysis of how school time can contribute to this individual objective is needed. The second purpose of this study was to determine the amount of school-based PA that is required to meet the daily goal.
Methods

Setting and Sampling
This cross-sectional study was carried out as part of a global research project, at a local level. pliance to the protocol). Participants were then removed from the database if they did not produce counts for ≥11.2 hrs on each of the 2 main days. This figure represented non missing counts for at least 80% of a standard measurement day. A total of 10 participants (~10% of the initial sample) were excluded from the analyses because they did not meet the 11.2 hrs criterion for at least one of the 2 main days. The final sample included 93 children (50 boys and 43 girls). The number of waking hours considered for analysis was 14 hours (7:00 AM-9:00 PM), with accelerometers worn in range from 12.5 to 14 hours.
Minutes of Moderate-to-Vigorous PA (MVPA) were determined using the cut-off point of ≥3,200 counts per minute (cpm). 18 Total time spent in MVPA per day (MVPA d ) was calculated for the whole day (7:00 AM-9:00 PM) as well as for school time (MVPA s : 8:30 AM-4:30 PM). MVPA d was used to discriminate active children (≥60 min·d −1 ) from the inactive (<60 min·d −1 ), according to the current PA guidelines for children. 19 
Statistical Analysis
Data are expressed as mean ± standard deviation. Differences between genders were determined with independent student's t tests. From this dataset, a simple regression analysis was carried out to construct the model that relates in-school MVPA (X = MVPA s , the independent variable) to the daily MVPA (Y = MVPA d , the dependent variable). For this modeling, the initial sample was split into 2 subgroups (A and B). In fact, 2 initial subfiles based on children's location (urban or rural areas) allowed the construction of the final dataset using a random sampling technique. A target of 50% of cases stratified by gender was set to determine if a given child should be placed in the subgroup A or B. At the end of the procedure, the remaining 3 children were arbitrarily placed in the subgroup B. Regression was then carried out separately on each group. The prediction equation obtained with a given subgroup was crossvalidated on the second one (and vice-versa) by calculating a predicted value of Y. Then the predicted MVPA d was compared with the actual MVPA using student's t tests for matched pairs and Pearson's product moment coefficients of correlation. The final model was developed using the pooled data from groups A and B. It was cross-validated on each subgroup and on each gender as well. Because a first residual analysis failed to confirm the assumptions of normality and homoscedasticity, data were log-transformed for the final modeling. However, antilog was used for the expression of the formal prediction equations.
The reliability of MVPA d and MVPA s was assessed with both the coefficients of variation (CV, calculated for both intra-and interindividual variability) and the intraclass coefficients of correlation (ICC and 95% Confidence Intervals: CI) of absolute agreement using a 2-way mixed Cronbach α model. Single-day ICCs were their participation in a sport or any other organized PA programs. For the monitoring of PA, it was then possible to identify two schooldays on which no PE lesson was planned and where there were no extracurricular activities organized by the school. These two days of unstructured PA needed to coincide with days where the children did not have to join any sports club after their classes. As displayed in Figure 2 , there are traditionally 4.5 school days in elementary schools: 4 complete days (Monday, Tuesday, Thursday, and Friday) and one halfday (Saturday) in the French elementary school system. A complete school day spans 8 hours (from 8:30 AM to 4:30 PM) including a mandatory 2  15-min recess and a break of 120 min for lunch, while the Saturday class time lasts 3 hours (from 8:30 AM to 11:30 AM) including a mandatory 1  15 min for recess. Consequently, over these 2 days, PA opportunities can be limited to scheduled breaks (2  15 min midday recess and 120 min for lunchtime) during school time 17 and to commuting mode and other outdoor-play outside of schools.
Measurement of Anthropometry
Children's height was measured to the nearest 0.1 cm using a stadiometer (Seca 214, Hamburg, Germany). During the measurement of their height, children stood without shoes with their bodies stretched upward and their heads in the Frankfurt plane. Body mass was measured and recorded to the nearest 0.1 kg with a foot-tofoot bioelectrical impedance balance (Tanita BC-532, Tokyo, Japan). From standing height and body mass, body mass index (BMI) was calculated as body mass (kg)/square of standing height (m 2 ).
Physical Activity Assessment
ActiGraph accelerometers (Model 7164, FL, USA) were used to quantify every minute PA over the two selected schooldays. The devices were individually programmed to begin data collection from the first of the 2 selected days. Nonetheless, the ActiGraphs have been provided to children before the formal data collection days so that they can be familiarized again with the device regardless of their prior experience with this device. Specifically, participants and their parents were instructed on ActiGraph wearing, its removal (only during activities where the ActiGraph might get wet: swimming, bathing, showering), and children were asked to follow their usual daily routine. Written and verbal instructions were given to families to increase compliance and minimize oblivion, especially on the 2 main days.
Data Reduction
Quality control of the data files was done using a visual inspection strategy. Data were submitted to a compliance check during which sustained 20-min periods of zero counts were deleted if they were deemed to indicate nonwearing periods of the monitor (or lack of com- 
Results
Anthropometry, Overweight/Obesity, and PA Characteristics
As shown in Table 1 , there were no significant differences either when comparing groups A and B. Furthermore, there were no sex-related differences in any anthropometric parameters. The BMI-based overweight/obesity was equally distributed among both genders (42% and 47% for boys and girls, respectively). School time was equivalent to 57% of the waking time of children. Opportunities for PA at schools (recesses and lunchtime) encompassed 31% of the school time (ie, ~18% of the waking time of a child), and contributed up to 70 and 73% of the MVPA d among boys and girls, respectively. However, in all cases, boys spent more time in MVPA d and MVPA s than girls (P < .05) even if they spent a similar proportion of their MVPA d in the school environment. Among boys, MVPA s and MVPA d accounted for 50% and 70% of the recommended health-related PA, respectively. These fractions used to compute the required number of days needed to achieve a reliability of 0.80 for MVPA d and MVPA s through the Spearman-Brown prophecy formula.
The diagnostic quality of MVPA s was examined using the Receiver Operating Characteristic (ROC) curve method and MVPA d as the classification variable. The decision threshold (that allowed identifying active and inactive children according to MVPA s ) for the best trade-off between sensitivity and specificity was considered to be the criterion value that maximized the sum of the sensitivity and specificity. 20 The area under the ROC curve (AUC) was computed and tested for significance with the value 0.5. The AUC can be interpreted as the probability that a randomly selected child from the physically active, using the daily classification, takes a higher activity during the school time than a randomly selected child from the physically inactive group. Finally, the frequency distributions were compared for goodness-of-fit using a x 2 test. The level of significance of all analyses was set at P < .05. Statistical analyses were performed using SPSS version 11.0 (SPSS Inc., Chicago, IL). variation during school time than the entire day in both gender. Nevertheless, these differences were quite low, and commonly <11% (≈ 10% and 10.6% for inter-and intraindividual CV).
Modeling
As displayed in indicate that school time represented 57% of the waking hours of children, and in-school MVPA (MVPA s ) accounted for more than 70% and explained ~89% of the variability of the daily MVPA (MVPA d ). In the current sample, MVPA s represented 30% and 50% of the health-related criteria according to gender, while a 34-min MVPA during the school time was shown as the minimum needed at schools to prop up the daily recommended 60 min. Though representing the segment of time that encompasses the most likely period for children to be active, school time PA opportunities in the current study can be limited to only some breaks during a regular academic school day. In the French school context, this noncurriculum time is legally set to represent roughly one-third of a school day (ie, a total of 150 min within the 480-min day). 17 This figure is one of the highest in the European region and could be viewed as a genuine opportunity for children to engage in a MVPA so as to meet the minimum health-related PA requirement. 19 In fact, if almost 40% of this constant and available "playtime" was appropriately used as recommended, 21 French schoolchildren might not struggle as much to meet the PA guidelines. Instead, boys and girls involved in the current study spent only 19% and 11% of this time engaged in a MVPA, respectively. This may partly explain why a great number of them (86%) did not achieve the daily minimum of 60 min of MVPA. Nevertheless, children did get a substantial amount of their MVPA during the school hours, which accounted for about half the recommendation among boys (vs. one-third among girls). The fact that boys and girls spent >70% of their (Y b and Y g representing boys' and girls' curves, respectively) for each value of X all the way along the curves (P < .0001).
Required Physical Activity During School Time
ROC analysis was performed using data of boys and girls pooled together because only 2% of the girls (1 girl out of 43) could be considered as sufficiently active according PA recommendations. A separate ROC analysis by gender may lead to some spurious computation of an in-school based PA cut-off point for girls. The whole group's ROC analysis reveals an AUC close to 1.0 (0.986 ± 0.023, P < .0001), suggesting a very good diagnostic accuracy for MVPA s in discriminating inactive from active schoolchildren. With sensitivity (truepositive rate) of 100% and specificity (true-negative rate) of 90%, MVPA s of 34 min·d −1 was the minimum requirement to stimulate the daily recommendation of 60 min for children. The goodness-of-fit test revealed adequacy between the distribution predicted by the 34 min·d −1 of MVPA s and the initial diagnosis based on MVPA d (P < .0001).
Discussion
The purpose of the current study was to model the relationship between an ActiGraph-based "in-school" MVPA and the daily one and to examine the contribution of the school time PA to both the daily and the internationally recommended health-related PA. The results gender. 22 Such an intervention needs to be based on a rigorous inspection of the activity choice by girls during their discretionary times at schools as well as outside of schools, to offer more attractive and gender-specific alternatives to improve their PA level. However, beyond the inquiry of intervention strategies tailoring, these results also raise a concern about the international health-related PA recommendation. Studies have recurrently highlighted some sex-specific differences in PA, importantly as activities intensity increase. Furthermore, pedometer-based data revealed that the required number of steps may follow a sex-related trend too. [26] [27] [28] It could then be interesting to adjust ActiGraph-based MVPA to these gender-specific discrepancies. For instance, from the current data, while a significant relationship was found between activity levels (as determined using the recommended 60 min) and the weight status of children as determined using the International Obesity Task Force BMI criteria, 29 there were no sex-related trends in the distribution of the weight status. Because an unexpected relationship between gender and PA distribution was obtained, it can be argued that the activity level distribution was disproportionate in regard to gender in the current sample. In other words, according to IOTF standards for overweight/obesity, the ActiGraph-based PA level could be specifically defined by sex. Though more data are needed to substantiate this hypothesis due to the limited scope of the current study, an arbitrary criterion of ≥40-min MVPA among girls restored more balanced frequencies distributions of active/inactive across BMI ranges between girls and boys (P-value = 0.896). Nevertheless, because the girls involved in the current study can be considered too inactive-only 9% of them achieved the minimum of 40-min MVPA-a cut-off of about 45 to 50 min for girls might correspond to a reasonable trade-off for an ActiGraph-based PA recommendation for girls. Future research attempting to crossvalidate a lower criterion of MVPA among girls using a wide range of health outcomes, such as cardiovascular and/or metabolic risk factors, may deserve attention.
From a practical standpoint, the current data showed a high inter-and intraindividual variability in MVPA which sustained the idea that even if school appears as a rigid or a well-structured environment, it offers enough flexibility and a sufficient duration to children to engage in a meaningful MVPA during a day. At the other side of the continuum (ie, the outside of school environment), a weakness in the contribution to children's PA was apparent. For instance, among boys, school-based MVPA contributed to a satisfactory level of the daily PA (70% and 50% of the daily and the health-related MVPA, respectively). Hence, it could be expected that families or the community implications may help most of them to meet the remaining 50% of the health-related MVPA. That was not the case in this study. Both the school and family/community failed to encourage sufficient PA among girls.
The ROC analysis revealed that 34 min in-school MVPA (>50% of the recommended 60 min) was required to meet the daily requirement for all children.
MVPA during school hours did not agree with previous findings. 22, 23 These authors supported that children spent the highest amount of their daily PA outside of schools. In addition, as opposed to the findings by Cox et al, 22 there was no significant difference in the percentage of time spent engaged in a MVPA during school time between the most active and the least active children in this French school context. Though comparisons between studies need to take into account the duration of a school day in each context, some reasons linked to cultural, school time organization factors, and dissimilarities in the design of studies could account for divergences. Nonetheless, Beighle et al 8 reported from the US context that children spent only 20% of their discretionary time outside of school engaged in PA, which is closer to our data. In the European region, previous studies from UK and Portugal found that school time contributed to about 41% and 60% of the daily MVPA among primary schoolchildren, respectively. 16, 24 Even though the outside of school time could be viewed as the most important source of MVPA among British children, the ratio between the fractions of time spent in each segment of period (in-school vs. outside of school) and the amount of MVPA accumulated during these periods was not different from the present data. This analysis suggests that for international comparisons, there may be a need to adjust the amount of activity performed in a given time period by the proportion of time allocated to this segment in the different cultural and/or organizational contexts.
In support of findings from earlier studies, boys were found to have a higher propensity for engaging in a MVPA than girls. 21, 23, 24 Various explanations have been provided to this fact, including the domination and the use of the playground for competitive games (eg, ball games) by boys, and the most discreet behavior directed toward socialization activities by girls. 8, 25 Another important reason behind this sex-related difference may be linked to some biological interferencethat is, the sex-related trend in maturity 23 -perhaps in direct relationship with the need of socialization among girls. However, with available data from the current sample (75 subjects), there was no significant relationship between the maturity offset and MVPA d or MVPA s (unshown data).
Girls' data were much less reliable than boys', and it would need about 6 monitoring days with a similar procedure to achieve the same level of reliability as boys. One can argue that boys did not share the playground with girls whom outside of school MVPA might be more important. However, when considering the present data, both boys and girls spent the same proportion of their MVPA at school. This implies that schools promote more PA among girls than can be expected. A more plausible explanation, which needs to be tested by further data, is the idea that the data used for analysis did reflect only partly the routine of girls. Nevertheless, it should be recognized that girls in the present sample were dramatically inactive. Thus, the development of intervention strategies should target in priority this This value, which is higher than the one-third suggested by Ridgers et al, 30 seemed low for the French primary school system. The 34-min in-school MVPA represents almost 23% of the available playground time, whereas the contribution of schools needs to be put up to about one-third of the available time. Based on the present model, this "realistic" goal for schools may translate into a substantial 58-min and 66-min daily MVPA per day among girls and boys, respectively. While the contribution of schools could be increased, parents/family-and to a certain level the whole community-implications in this health-related PA promotion process is more crucial than ever. This is so important especially as French adults seem to be dully receptive to the role and the importance of PA for health. 31 This low appraisal of the role of PA is confirmed by their relatively low level of activity when compared with their European counterparts. 32 There are a few limitations to this study. First, the present model needs more studies on larger samples before any generalization to primary school systems can be made. Second, because the French elementary school system is not adopted worldwide, adjustments may be needed according to each school system. There is also a risk of underestimating the moderate activity intensity due to the epoch used to collect ActiGraph data. Beyond these limitations, this study provides the first accelerometry-based modeling of the activity level in the primary school environment in France. It is also a uniqueness of this study to implement a relatively "well" controlled-procedure that includes diverse locations (urban and rural) and systematizes the inclusion of participants so as to minimize interference with common confounders, such as residential and socioeconomic factors (location, family income, family structure, etc.). This procedure, which leads to a reduction of both the number of monitoring days and of participants, improved the identification of the settings that warrant attention so as to straighten out the activity level of schoolchildren. Parental implications on a daily basis are crucially required to support the activity behavior of their offspring, predominantly the girls. Schools already play an important role that should be maintained and/or enhanced through a better organization of the available 150 min recess time. Other potentially important sources of MVPA in the school context are the structured PA during PE classes and extracurricular activities, which were purposefully excluded in this study. The number of hours per week legally allocated to PE lessons (ie, a mandatory 3 hours of PE classes per week) in elementary school in France is, at least theoretically, the most important in the European region. 33 However, the questions about how this time is distributed into the school week and how it is used with the goal of enhancing children's participation in a daily MVPA remain to be addressed. Thus, future research endeavors are needed to evaluate the impact of all the existing opportunities for PA in the French elementary school context and to compare the overall MVPA of French schoolchildren to their European peers or from other continents. Finally, there seems to be the role of all the community to create a safe/funny environment for children to engage in more outdoor PA, such as secure sidewalks for active commuting, more available playgrounds in the neighborhood, and greater access to public parks.
In summary, though the current model needs more data for its generalization, it helps to substantiate the contribution of MVPA at school to recommended activity levels and suggests the value of activity performed during recesses. It also calls for encouraging both homebased and community-based interventions, predominantly directed toward girls.
